Background: Erythrocyte sedimentation rate (ESR), serum C-reactive protein (CRP), urinary β2 microglobulin, antibody-coated bacteria in the urine sediment, and urinary lactic dehydrogenase (LDH) are more traditional tests used to diagnose true pyelonephritis. Acute-phase dimercaptosuccinic acid (DMSA) scan is a sensitive method for diagnosis of true pyelonephritis.
Introduction
Urinary tract infection (UTI) is common in children. It is confirmed by urine culture (U/C) as the gold standard test. Not infrequently U/C is negative in acute pyelonephritis (APN) such as in patients who take antibiotics before urine sampling. The development of easy accessible alternative methods for diagnosis of acute pyelonephritis that is associated with parenchymal involvement and commonly progressed to renal cortical injuries especially in infants (1) , is an attractive topic in the field of pediatric urology researches.
In febrile patients, a positive U/C is not as sensitive as Technetium 99 Dimercapto Succinic Acid (TC 99-DMSA) scanning for diagnosis of APN (2) . Acute-phase DMSA scan shows renal changes in 16 .3% of infants experiencing their first febrile UTI (3) . Clinical studies have demonstrated that dimercaptosuccinic acid (DMSA) scan is significantly more sensitive than either intravenous pyelography (IVP) or ultrasonography (US) in the diagnosis of acute pyelonephritis (4) (5) (6) (7) (8) . Serologic and urinary inflammatory markers such as erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), urinary β2 microglobulin, antibody-coated bacteria in the urine sediment, and urinary lactic dehydrogenase (LDH) are used for diagnosis of true APN (4) . Early diagnosis and aggressive treatment of APN can prevent or diminish renal scarring following febrile UTI in the childhood period (9) (10) (11) . Serologic markers such as ESR, CRP, white blood cell (WBC) count are traditional markers that are commonly used for the diagnosis of pyelonephritis (12) (13) (14) but cannot reliably differentiate APN from cystitis. The first one is characterized by renal parenchymal involvement and the latter without it (13) . Another study showed that ESR and differential leukocyte count are valuable tests for defining the localization of UTI level (14) . Also urine analysis and renal US are easy available tests. Few data are available about the role of urinary indexes as markers of pyelonephritis (15) (16) (17) and conventional kidney US has very low sensitivity (11% -40%) for predicting renal parenchymal lesions in APN (8, 18 ).
Study Objective and Hypothesis
We aimed to determine whether traditional serologic markers of inflammation, urine dipstick test and sediment findings, systemic response to infection (severity of fever) and renal US findings can predict renal parenchymal involvement in cases with clinical diagnosis of acute pyelonephritis and how much is common true pyelonephritis (renal parenchymal involvement ) in these patients? Based on our previous findings (14) we supposed that high ESR especially ESR ≥ 30 mm/h may be a good indicator for renal involvement .
Patients and Methods

Study Design
The study was designed as a prospective study.
Participants
Cases admitted in hospital with febrile UTI (first or recurrent episodes of infections) were evaluated and those who did not undergo imaging studies for detection of urological anomalies [mainly voiding cystouretrogram (VCUG) and TC99-DMSA scan] were enrolled into the study.
Test Methods
The study was performed in an eleven-month period, in pediatric nephrology and emergency departments of an academic tertiary children hospital. Participants formed a consecutive series. Immediately after admission, urine analysis and culture, blood culture, complete blood cell (CBC) and differential cell counts, serum CRP and ESR were obtained, and antibiotic treatment was started. In infants and non-toilet trained cases, the urine samples were obtained by urine bags and in toilet trained patients by midstream method. Febrile UTI was diagnosed by presence of fever (body temperature ≥ 38.5°C) in combination with pyuria and positive urine culture (growth of one microorganism with colony forming unit ≥ 50,000). Kidneybladder US was performed in the first or second days of admission and patients underwent DMSA scan in days 2 -4 of admission to determine cases with true pyelonephritis. Gamma equipped with a high-resolution collimator was used for renal scan imaging after intravenous injection of radiotracer as standard schedule (19) .
Standards for reporting diagnostic accuracy studies (STARD) 2015 essential items were used for an informative study report (20) . Index tests in our study consisted of ESR, CRP, leukocyte count, urine specific gravity (SG), proteinuria, bacteriuria and the severity of pyuria in urine analysis (U/A), body temperature and renal ultrasonography and reference standard. The best available method for establishing presence or absence of the target condition (renal parenchymal involvement) in our study was TC 99 DMSA scan. No alternative as reference standard was available. Test positivity cut-offs or result categories of the index test were chosen based on literature review (12) (13) (14) (15) (16) (17) (21) (22) (23) . Clinical information and reference standard results were not available to the performers/readers of the index test, and also clinical information and index test results were not available to the assessors of the reference standard.
Analysis
Only one kidney US was done for every patient. All kidney ultra-sonographies were done by two radiologists who were expert in pediatric kidney sonography. Because of some limitations, kidneys ultrasonographies were not repeated to compare results and to assess inter rater reliability. Sample size was determined by duration of the study and as the study was the thesis of a medical student, the duration of the study was limited. A significant percent of cases who were admitted with febrile UTI in the length of the study were excluded because they had recurrence of infection and imaging studies were done in the past. In addition, a small group of patients who had the inclusion criteria did not accept to be enrolled the study. uptake defect/defects on TC 99 DMSA scan who had positive index tests and specificity was the proportion of those without renal uptake defect on TC 99 DMSA scan who had negative index tests. The study was funded by a research grant and approved by the local ethic committee. Medical records of cases were registered in a questioner.
Results
Participants
In the current study, different index tests were assessed. STARD flow (Figure 1) shows the results of the study for ESR ≥ 30 mm/h as index test and TC 99-DMSA scan as reference standard. The enrolled cases included 19 girls (95%) and one boy (5%). Details of the enrolled cases are presented in Table 1 . Two cases were admitted with a body temperature higher than 38.5°C. Their temperature suddenly decreased after starting antibiotics and antipyretic drugs (acetaminophen). Their highest body temperatures that were registered during hospitalization were 37.5 and 38°C. Diagnosis of febrile UTI is made by association of clinical manifestations and positive U/C. Frequently, because of receiving antibiotics before urine sampling, pyuria is present, but U/C may be negative (sterile pyuria). In these cases, if there is a high clinical suspicion of pyelonephritis, renal scintigram can confirm the diagnosis. Renal parenchymal defects in TC99-DMSA scan in these cases confirm the diagnosis of pyelonephritis. In our series in 4 (20%) cases urine cultures were negative and diagnosis of febrile UTI was confirmed by renal scintigram. TC99-DMSA scans showed abnormal findings in 15 (75%), including single (3; 15%) or multiple (12; 60%) uptake defects. In patients with multiple defects, defects were limited to one kidney in 6 (50%) and reminders had multiple defects in both kidneys. Figures 2 and 3 show renal scans in two patients. Renal scan in two (10%) cases revealed decreased kidney size that indicated permanent renal damage.
The gold standard for diagnosis of UTI is the positive urine culture. In our series no alternative diagnosis was not found for those with positive U/C associated with fever and no defect on DMSA scan. There was a time interval of 2 -4 days between index tests and reference standard and during this period, patients received recommended intravenous antibiotics. Figures 2 -4 present details of some interesting enrolled patients focusing on DMSA scan, serologic and urinary findings. values, sensitivity and specificity of different variables (epidemiologic, laboratory, and US findings) were assessed in patients (Table 3) . No adverse events were reported from performing the index test or the reference standard.
Test Results
Discussion
Radiologic assessments are an important part of management of children with urinary tract infection. In recent years, the trend of using noninvasive imaging studies to define high-risk children is increasing. High-risk cases include those with true pyelonephritis (cases with evidence of renal parenchymal involvement in TC 99 DMSA scan) who are more prone to vesicoureteral reflux (VUR) and also develop renal parenchymal damage at follow-up. Imaging studies are the standard of care for young children with a first urinary tract infection to identify possible urinary tract abnormalities (VUR, obstruction, and ureteroceles), acute inflammation, and renal scarring. These factors predispose the child to recurrent infections or long-term sequels (24) . In 2007, the European society of pediatric radiology recommended ultrasound examination for all pediatric UTI patients, and also early DMSA scanning if the ultrasound is normal and there is clinical suspicion of APN (25) . It has been reported that 38% -57% of children with renal parenchymal defect/defects on renal scintigraphy will develop permanent renal scarring (26) . These findings address the important role of DMSA scanning for screening high-risk cases.
A limitation for this type of approach is that DMSA scanning is sensitive in predicting high-risk cases only if it is done in the acute phase of infection. Whereas, in practice, radioisotope scans are not easily available in the majority of first or even secondary hospitals. An important question is that whether traditional serologic and urinary Iran J Radiol. 2017; 14(2):e41485. sults (27) . Serologic inflammatory markers can be helpful, but they are not pathognomonic (28, 29) . Usefulness of TC 99-DMSA scan has been shown in culture negative febrile children for diagnosis of APN (30) . Renal cortical defects have been reported in 59 -63% of cases with febrile UTI (8, 31) . We found TC 99-DMSA findings consistent with APN in 15 of 20 cases (75%) with febrile UTI. Jung et al. (1) found that serum levels of CRP and urine protein /creatinine (Pr/Cr) ratio is higher in infants with APN than normal controls. Ninety six patients including 71 children with true APN (abnormal findings on renal scan) were evaluated for changes in urine and serum inflammatory markers (21) . They found that fever, ESR, WBC count and differential cell count were not significantly different in cases with abnormal renal scan (true APN) compared with those without. Whereas, positive serum CRP levels were significantly more common in those with an abnormal scan. Sensitivity and specificity of CRP for predicting renal involvement were 60% and 70%, respectively. In our series, age, body temperature (°C), ESR 1 (mm/h), WBC count (cells/µL), differential cell count of PMN (%), and urine SG were not significantly different in cases with versus those without Iran J Radiol. 2017; 14(2):e41485. 5 Figure 3 . TC 99-DMSA scan of a 31-month-old girl with recurrent urinary tract infection (UTI). Right kidney has normal size with a cortical defect in the lower pole. Left kidney is small sized with cortical loss in the lower part which can be due to cortical scar or duplicated collecting system. Body temperature after admission and starting antibiotic immediately decreased, and the highest body temperature during admission was 37.5°C. Urine examination showed specific gravity of 1005, negative protein, bacteriuria, negative nitrite test, and severe pyuria. Kidney-bladder sonography showed duplicated left collecting system, small sized left kidney with multiple scars. Blood tests revealed WBC count of 17400 cells/µL with polymorph nuclear (PMN) differential cell count of 61%, erythrocyte sedimentation rate (ESR) 1 = 77 mm /h, and one plus C-reactive protein (CRP).
renal parenchymal involvement (P > 0.05 for all). ESR1
≥ 30 mm/h, presence of bacteriuria on U/A and positive CRP had the highest sensitivities for predicting renal defect on TC-99 DMSA scan (100%, 83% and 75% respectively), while the lowest sensitivities were for proteinuria in U/A and urine SG ≤ 1010 (57% and 58% respectively. Normal renal US had a very low sensitivity for predicting absence of renal parenchymal defects on renal scan (23%). The highest specificity and positive predictive value (PPV) were due to urine SG ≤ 1010 (75% and 85.7%, respectively), and ESR1 ≥ 30 mm/h had the highest negative predictive value (NPV) for predicting true APN.
In a study conducted by Choi et al. (22) , they divided children with febrile UTI into three groups: the group with abnormal urinalysis (U/A) and positive U/C, those with negative U/A and positive U/C, and cases with negative U/C and positive U/A findings. They found a lower serum level of CRP in children with only positive U/C compared with the other two groups. WBC count was not different among the three groups. A lower urine SG was found in patients with only positive U/C. In our series, means ± SD urine SG, WBC count and differential count of PMN were not signif-6
Iran J Radiol. 2017; 14(2):e41485. icantly different between cases with positive versus those with negative U/C (P > 0.05 for all). Whereas, serum ESR was significantly higher in those with positive compared to negative cultures (P = 0.035). Uptake defects on TC 99-DMSA scan were reported in four cases of U/C negative and eleven U/C positive cases.
It has been suggested that CRP levels are not predictive of APN in patients with febrile UTI (32), whereas axillary temperature ≥ 39°C, leukocyte count ≥ 13500 mm 3 are good indicators of renal involvement. Similar to this study, positive CRP was not a good indicator for true APN in our patients either. In contrast to their cases, in our study, body temperatures ≥ 39°C had a low sensitivity (64%) and specificity (50%) for renal involvement in APN. The sensitivity, specificity, and NPV of WBC count ≥ 15,000 cells/µL for predicting renal involvement were low. This marker was frequently considered as a serologic marker for differentiation of bacterial from viral infections in febrile cases. febrile UTI. Of 52 cases, 41 (78.8%) had abnormal cortical scintigraphy at the time of admission (seven unilateral and 34 bilateral). In our study, which included children younger than 5 years (14 cases; 70%) and those older and equal to 5 years (six cases; 30%), of 15 cases with renal parenchymal defect/defects on renal scan, two cases (14%) were older than 5 years old and the remainder were younger or equal to 5 years old (P = 0.718). In addition, we found that renal cortical involvement in APN is as common in infants (≤ 2 years) as older children (P = 0.292). Seven of eight (88%) infants and eight of the 12 patients who were older than 2 years old (67%) had cortical uptake defect/defects on TC 99 DMSA scan. It has been estimated that cortical scintigraphy shows defects two times as much as US and four times as much as IVP (36) . We found US findings consistent with renal parenchymal involvement in 3 cases including increased renal size (one case), and increased cortical echogenicity (2 subjects). All of these patients had abnormal findings on TC 99 DMSA scan. It means that only three out of 15 (20%) patients with uptake defects on renal scintigraphy were recognizable by US.
Jung et al. (1) found that using CRP levels, urine protein/creatinine ratio, urine sodium levels, and urine sodium/potassium ratio had a sensitivity, specificity, positive and negative predictive values (PPV and NPV) 84%, 70%, 59%, and 89%, respectively for predicting true APN. In our study using positive CRP as a predictive factor for renal parenchymal involvement in APN, sensitivity, specificity, PPV and NPV were 75%, 50%, 75% and 50%, respectively.
In our evaluation, urinary excretion of sodium ± potassium, which are indicators of tubular function, were not used as predictive factors for renal involvement. Instead of these two indexes of tubular function, we evaluated roles of changes of urine SG as a predictive factor for renal involvement in APN. The sensitivity, specificity, PPV and NPV of urine SG ≤ 1010 for prediction of true APN were 58%, 75%, 85.7% and 37.5%, respectively.
Study in experimental models (rats) had demonstrated concentration defects in pyelonephritis that could be rapidly reversed (15) . Association between chronic UTIs and impaired renal concentrating ability is well known. Reduced urinary maximum concentration ability is the earliest evidence of invasion of renal medulla by bacterial microorganism (16) . Reduced concentrating capacity during APN has been confirmed by different studies. Damage of distal and collecting tubules that return to normal within 4 to 6 weeks after treatment of the infection are responsible for urine concentration defects (17) .
We assessed random non-fasting urinary SG in a group of children with APN on presentation. In our cases, although random urinary specific gravities were lower in cases with renal involvement compared to those without, the difference was not significant ( Table 2 ). The concentrating defect could not account for any detectable defect in salt or water transport in cortical nephrons. This disturbance is probably due to changes in urea and water permeability of the collecting ducts (30).
Summary: ESR 1 ≥ 30 mm/h is a sensitive marker with high NPV for predicting renal involvement in febrile UTI. Traditional urine inflammatory markers including dipstick and urinary sediment parameters (severity of pyuria, 8 Iran J Radiol. 2017; 14(2):e41485.
urine SG and proteinuria) are not sensitive and specific indexes for predicting renal involvement in children with febrile UTI. This was true for non-specific traditional serologic markers such as CRP and WBC count and differential cell count. Limitations of our study: Among index tests used in the current study, only kidney US was a test that undoubtedly is operator dependent. The other index tests were reported as standard methods that did not seem operator dependent. Lack of measuring inter-raters and intra-rater reliability for kidney US was a main limitation of our study, but for other index tests and also reference standard, measuring reliability was not necessary. Our study included low sample size and negative results such as low sensitivity and specificity of tests may be affected by this factor. Therefore, conducting a study with similar design and sufficient patients' number will be more informative, but the positive results are valuable including high sensitivity of ESR ≥ 30 mm/h.
